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levels are variable. Some cues direct axons to opposite trajectories.
Genetic inactivation of cues encoded by ephrin and Eph genes results
in inaccurate trajectory decisions and ultimately incorrect neural
circuit topology. In ephrin and Eph mutants, these decisions are not
only inaccurate but also abnormally variable, suggesting genetic
variability is translated into phenotypic variability (1). Axons
compute cues at trajectory decision points. Quantitative modeling
of axon computations shows that gene expression noise and
energetic cost constraints limit the number of gene-encoded cues
that control discrete decisions. The total number of genes used to
assemble an entire neural circuit has upper and lower limits, which
are calculated as a function of genetic noise. I propose this model
applies to axon trajectory choices, and more generally to any process
dependent upon sequential decisions controlled by noisy and
competing cues.
Reference1. Victor Luria, Dayana Krawchuk, Thomas M. Jessell, Ed
Laufer, Artur Kania - Specification of Motor Axon Trajectory by
Ephrin-B/EphB Signaling; Symmetrical Control of Axonal Patterning
in the Developing Limb (2008) Neuron, 60:1039–1053.
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Myosin Phosphatase controls the level of protrusive activity
required for convergent extension during zebrafish gastrulation
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Department of Biochemistry, University ofWashington, Seattle, 98195USA
Amoeboid cell motility is a critical mechanism for both tumor cell
invasion and morphogenetic cell movements during zebrafish
gastrulation. Amoeboid movement is characterized by relatively
non-polarized cells displaying a high level of acto-myosin dependent
bleb-like protrusive activity. We demonstrate that Myosin Phospha-
tase (Mypt1) is required to maintain the precise balance between
amoeboid and mesenchymal cell behaviors required for convergence
and extension. Importantly, Mypt1 has distinct cell autonomous and
non-cell autonomous roles in controlling mesodermal cell shape.
Knock-down of Mypt1 throughout the embryo causes severe
convergence defects, demonstrating that Mypt1 is required for the
proper cell migration required for dorsal migration. In contrast,
morphant cells transplanted into wild-type hosts undergo dorsal-
directed cell migration at the same rate as controls, but they fail to
undergo the normal intercalation movements required for extension.
Mypt1 activity is regulated in embryos by Rho-mediated inhibitory
phosphorylation, which is promoted by non-canonical Wnt signaling.
We propose that Myosin Phosphatase is a critical and tightly
controlled regulator of cell behaviors during gastrulation.
doi:10.1016/j.ydbio.2009.05.327
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Role of Apelin/Agtrl1 signaling in zebrafish primordial germ cell
(PGC) migration
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Cell migration plays a fundamental role in the development and
maintenance of vertebrates. ZebrafishAgtrl1a andAgtrl1b (Angiotensin
II receptor like 1a/b) belong to the chemokine family of GPCRs, which
have been shown to regulate the directedmigration ofmany progenitor
and adult cell types. There is in vivo and in vitro evidence that suggest
Agtrl1 signaling through interactionwith its only known ligand Apelin,
might regulate the correct migration of myocardial progenitors.
However, lack of an early myocardial progenitor marker makes the
study of their migration challenging. Therefore, we employed thewell-
characterized zebrafish PGC migration as a model to investigate the
mechanisms by which Agtrl1 might be regulating cell movement. Our
results suggest Apelin/Agtrl1 signaling plays a role in proper PGC
migration in addition to its putative role in myocardial progenitor
migration. agtrl1 mutants and morphants, as well as embryos over-
expressing apelin prior to the onset of gastrulation display PGC
migration defects. To investigate Agtrl1's mechanism of action, we
took a modified yeast-2-hybrid approach to identify molecular signals
downstream of the receptor. The initial screen for human Agtrl1
binding partners resulted in the identification of about 80 interactors,
amongwhich regulators of cell adhesion, polarity, and actin and tubulin
dynamics can be found. Characterization of cell migration events
regulated by Apelin/Agtrl1 signaling in vivo and identification of Agtrl1
interactors should contribute to our understanding of mechanisms
controlling cell migration during development.
doi:10.1016/j.ydbio.2009.05.328
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Slit2 controls endocardial cell migration during zebrafish
heart morphogenesis
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During vertebrate heart morphogenesis, myocardial and endocar-
dial cells are initially specified in two bilateral domains within the
anterior lateral plate mesoderm and subsequently migrate toward the
embryonic midline, where they fuse into a single heart tube. Several
guidance molecules are expressed at the midline, including the Slit
family of secreted proteins. Although Slits and their Robo receptors are
primarily knownas repulsive guidance cues for neuronal axons, studies
in Drosophila have indicated a role for Slit-Robo signaling in heart
development. To address whether Slits play a similar role in
vertebrates, we have used antisense morpholino oligonucleotides to
knockdown Slit2 in zebrafish embryos. At the 20-somite stage,
cardiomyocytes are normally arranged in a disc surrounding a core of
endocardial cells. Slit2 knockdown severely disrupts this arrangement.
Time-lapse microscopy revealed that this phenotype is due to defects
in endocardial cell migration. In control embryos, endocardial cells
moved as a cohesive group firstmedially thenposteriorly asmyocardial
cells surrounded them. However, in Slit2 morphants, endocardial cells
reached themidline but were less cohesive, in some cases migrating as
single cells. In addition, these cells exhibited significantly reduced
directionality and increased migration speed. In some embryos, we
observed myocardial cells aberrantly surrounding misplaced endocar-
dial cells, resulting in dysmorphic cardiac discs. Ongoing experiments
will determine which Robo receptors are involved in this process and
address the downstream cytoskeletal and adhesion remodeling that
may regulate Slit2-dependent cardiac cell migration.
doi:10.1016/j.ydbio.2009.05.329
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The gene regulatory kernel of GATA, NKX and HAND is
evolutionarily conserved and is essential for building the heart.
Genetic redundancy has made it difficult to decipher the precise role
of GATA factors in vertebrate systems. Moreover, GATA is expressed in
both heart and endoderm making it hard to distinguish its role in
heart development. The Ciona genome has two GATA homologues of
which only one (GATA-a) is expressed in heart precursor cells. As in
vertebrates, GATA-a is also expressed in the endoderm adjacent to
heart precursor cells as they migrate and proliferate. In this study, we
use Ciona intestinalis as our system to decipher the function of GATA
during heart development. Here, we show that GATA is expressed in
the heart progenitor cells as soon as they begin to migrate and stays
on until they dock. Preliminary results indicate that targeted
repression of GATA activity in the heart precursor cells interferes
with their migration and blocks their proliferation after docking. In
contrast, repressing GATA activity in the endoderm disrupts heart
precursor cell migration but not their proliferation leading to two
separate heart precursor cell pools reminiscent of the cardia bifida
observed in heart mutants in other systems. We are currently trying
to identify the genes through which GATA controls heart develop-
ment and to potentially separate its role in heart and endoderm
during this process.
doi:10.1016/j.ydbio.2009.05.330
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The MRL signaling protein MIG-10/Lpd interacts with ABI-1
during guided migrations in C. elegans
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The MRL signaling proteins are thought to transmit positional
information from surface guidance cues to the actin polymerization
machinery, and thus to promote polarized outgrowth of axons during
nervous system development (Quinn and Wadsworth, 2008). In
Caenorhabditis elegans, mutations in the MRL family member mig-10
result in animals that have defects in axon guidance, neuronal
migration, and the outgrowth of the long processes or ‘canals’ of the
excretory cell, which is required for osmoregulation in the worm. To
determine more of the molecular partners of MIG-10, we conducted
a yeast two hybrid screen using isoform MIG-10A as bait. ABI-1, a
downstream target of ABL non-receptor tyrosine kinase, was
independently isolated 6 times as a strong MIG-10 interactor. ABI-1
is known to be part of the WAVE complex involved in the initiation of
actin polymerization. We are currently determining the domains of
MIG-10 and ABI-1 involved in the interaction in vitro using the yeast
two hybrid system. To test the relevance of the interaction of MIG-10
and ABI-1 in vivo, we are using mutations and RNAi analysis to
examine migration and outgrowth phenotypes in the worm. Abi-1
(RNAi) enhanced the excretory canal truncation observed in mig-10
mutants, and a weak abi-1 allele disrupted migration of the ALM
neurons. These results suggest that MIG-10 and ABI-1 act together to
link cell surface signaling with polarized actin polymerization.
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Mechanisms of UNC-40/DCC signaling during cell invasion
in C. elegans
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The secreted guidance cue Netrin is best known for its ability to
steer axonal growth cones by binding combinations of attractive and
repulsive cell-surface receptors. It has also become clear that Netrin
ligands have critical functions outside of growth cone regulation and
beyond the nervous system. We have recently elucidated an important
role for the Caenorhabditis elegans Netrin orthologue, UNC-6, during
uterine–vulval connection. In this system, UNC-6/Netrin signals
directly to a single invasive uterine cell, the anchor cell (AC), which
removes the basement membranes separating the early uterus and
vulva. UNC-6/Netrin engages and localizes its attractive receptor, UNC-
40/DCC, which is expressed by the anchor cell. In the AC, UNC-40/DCC
signaling polarizes the actin cytoskeleton and proteins that regulate
invasion towards the site of basement membrane breach. We show
that UNC-40/DCC signaling in the AC is remarkably similar to the
guidance pathway utilized by C. elegans growth cones. Moreover, we
show that in the AC, UNC-40/DCC can, and does signal to the actin
cytoskeleton in the absence of UNC-6/Netrin. Our data support a model
in which control of UNC-40/DCC localization is the critical function of
UNC-6/Netrin during invasion. We are currently testing this hypothesis
as well as the possibility that UNC-40/DCC interacts with other
guidance pathways in the absence of UNC-6/Netrin.
doi:10.1016/j.ydbio.2009.05.332
Program/Abstract # 306
Investigating the roles of centrosomes in mammals
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The centrosome is best known for its role as the microtubule
organizing center (MTOC) during spindle assembly and cell division.
However, recent findings have challenged the dogma that centrosomes
areessential for cell division in somespecies andhave implicated themin
a variety of important post-mitotic cellular processes. For example,
centrosomes are now known to be indispensable for the formation of
cilia,whicharecellularantennae important for signaling, sensing, and/or
motility. Centrosomes are formed of two core centrioles and a
surrounding pericentriolar material (PCM) which forms the actual
nucleation site of microtubules and has a poorly defined and studied
composition and function. Pericentrin (Pcnt) and Akap9 (A-Kinase
Anchoring Protein) are integral components of the PCM that have been
shown tobe important for cilia formation inmammaliancells invitro and
inDrosophila. In this study, we hypothesized that centrosomes are signal
integration centers in mammals. We have investigated the functions of
centrosomes inmammals byanalyzing themutantmousephenotypes of
gene trap alleles of Pcnt and Akap9. Both genes show ubiquitous
expressionduringembryogenesiswithhigherexpression levels ofAkap9
inkidney tubules andmotor neurons. Bothmutantembryos surviveuntil
mid-gestation (E9.0) when they die with defects in morphology
characteristic of cellmigrationmutants indicating that perhaps themain
function of centrosomes during embryonic development is the regula-
tionof cellmigrationor thesignalingpathways responsible formigration.
doi:10.1016/j.ydbio.2009.05.333
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